The present study examines the relationship between prospective memory performance and executive functioning. The four phases of the prospective memory process -intention formation, intention retention, reinstantiation of the intention, and intention execution -are assumed to require different amounts of executive processing, the most of which being demanded in the phases of intention formation and intention execution. At present, though, it is still unclear whether, and to which extent, prefrontal executive systems are involved in different kinds of prospective memory tasks, as some findings suggest that prospective memory might rather rely on non-strategic processes unlikely to depend on prefrontal executive systems. Therefore, this study focuses on the following questions: (a) to which degree does executive functioning predict prospective memory performance in different standard prospective memory tasks and, furthermore, are certain executive measures better predictors than others; (b) are age-related effects in different prospective memory measures due to individual differences in executive functioning and (c) do age-related differences in prospective memory exist that are not explained by individual differences in executive functioning. In a sample of 80 adults (20-80 years), we applied four instruments to measure prospective memory: a traditional single-task paradigm, two more complex tasks -one timebased and one event-based, and a highly complex multi-task paradigm. We further assessed a broadly defined construct of executive functioning, using several standard neuropsychological tests. Results showed that executive functioning did not predict performance in the simple single-tasks paradigm. However, executive functioning, but not age, predicted performance in the two more complex standard tests of prospective remembering, and both executive functioning and age predicted performance in the most complex paradigm. In sum, the obtained data underline the assumption that frontal/executive functions are related to prospective memory performance across a range of prospective paradigms. It also seems 3 clear that age differences in prospective memory performance partially depend on age-related individual differences in frontal/executive functions. Appreciation is expressed to Sonja Barth for experimental assistance, and to Caroline Moor for helpful comments on a prior version of the manuscript.
Introduction
Remembering to perform an intended action at a particular point in the future, i.e., prospective memory is essential in everyday life of old adults, because self-initiated acting upon earlier formed intentions is at the core of their independent living. Without it or with low levels of performance, appointments (Kvavilashvili, 1987; Martin, 1986; West, 1988) , medication (Park & Kidder, 1996) , or, more generally, chances to act are likely to be missed (Ellis, 1996; Maylor, 1993) .
However, research focusing on prospective memory in old age is in its infancy (cf. Roediger, 1996) , with several fundamental issues just beginning to receive theoretical and empirical attention. One such issue concerns the neuropsychological systems and processes that support prospective remembering. An initial proposal is that prospective memory performance depends on the prefrontal systems and the integrity of the executive functions that these systems subserve (Bisiacchi, 1996; Burgess, Veitch, de Lacy Costello, & Shallice, 2000; Glisky, 1996; McDaniel, Glisky, Rubin, Guynn, & Routhieaux, 1999 ; see also Stuss & Benson, 1987) . Frontally-mediated executive functions are believed to include planning, interruption and inhibition of responses, monitoring of environmental events, and flexible initiation of responses to those events (Shimamura et al., 1991) . The prospective memory process consists of the four phases of intention formation, intention retention, reinstantiation of the intention, and execution of the reinstantiated intention (Ellis, 1996; Kliegel, Martin, McDaniel, & Einstein, in press; Kvavilashvili & Ellis, 1996) . The theoretical assumption is that frontal functions are little involved in the retention phase, and intimately involved in performance of the intention formation and intention execution phase of prospective memory tasks. Older adults' prospective performance in tasks which emphasize the phases theoretically making the strongest demands on the executive functions should be highly related to executive function measures (cf. West, 1996) . However, there is virtually no empirical work that has attempted to evaluate this assumption. Further, the limited work that is available shows somewhat mixed findings. Some studies report relations between frontal processes and prospective remembering in adults (Bisiacchi, 2000; Burgess, 2000a; Burgess et al., 2000; Kopp & Thöne, 2000; McDaniel et al., 1999) , whereas others do not necessarily implicate frontal processes (Bisiacchi, 1996; Cockburn, Keene, & Hope, 2000; Martin, Kliegel, McDaniel, & Einstein, 2000) .
These mixed patterns suggest several possibilities. One clear possibility is that prospective memory in adulthood involves a range of processes that depend on the particular instantiation of the prospective memory task (cf., Einstein & McDaniel, 1990; . While some prospective memory tasks appear to require prefrontal executive processes of planning, monitoring, or flexibility in response preparation, other prospective memory tasks seem to rely on relatively non-strategic processes, i.e., processes that might not depend on prefrontal executive systems (Guynn, McDaniel, & Einstein, 2001; Kliegel, Martin, McDaniel, & Einstein, 2001; McDaniel, Robinson-Riegler, & Einstein, 1998) . The amount of required executive processing is likely to depend on the degree to which the dependent prospective measures focus on the intention formation and/or execution phases versus the retention phase.
The more relative weight is given to intention formation and intention execution, the stronger the relation to executive functioning should be.
To inform this possibility, the first goal of the present study was to investigate the contribution of prefrontal executive processes to performance in four standard prospective memory tasks. As a consequence, we test if differences in executive functioning are related to differences in prospective memory performance in young and old adults. Different from earlier studies with only old adults (e.g., McDaniel et al., 1999) , we compare prospective memory performance and its relation to executive functioning between young and old adults in four different prospective memory tasks.
The selected prospective memory tasks differentially represent several major components on which prospective memory tasks can vary. One critical component is whether the task is time-based or event-based (Einstein & McDaniel, 1990 . Time-based prospective memory involves remembering to perform the intended action at a certain time or after a certain amount of time has elapsed (e.g., remembering to take cookies out of the oven in ten minutes). Presumably, time-based tasks (for which no external reminders are implemented) are dependent on self-initiated monitoring in the intention execution phase of the prospective task, an assumption consistent with age-related deficits in monitoring patterns and subsequent prospective memory performance (Einstein, McDaniel, Richardson, Guynn, & Cunfer, 1995) and with increased time-based performance as a function of the importance of the task (Kliegel et al., 2001) . Based on the idea that prefrontal functions control monitoring (Shallice & Burgess, 1991; Shimamura et al., 1991) , prefrontal systems would be expected to be significantly associated with time-based prospective memory. No published study has yet examined this prediction 1 , and for this reason one of our prospective tasks was a standard laboratory time-based task (Einstein, Smith, McDaniel, & Shaw, 1997; Kliegel et al., 2001 ).
Event-based prospective memory involves remembering to perform the intended action when some external event occurs (such as remembering to give a message to a colleague when passing her office). Thus, in contrast to time-based prospective memory, event-based tasks have external cues that can stimulate retrieval of the intended action. In a sense, the event-based task is similar to cued recall (McDaniel & Einstein, 1993) , and thereby may attenuate the degree of self-initiated retrieval or monitoring required to remember the intended action at the appropriate moment in the intention execution phase of the prospective task (Einstein & McDaniel, 1990 . For instance, in an event-based prospective memory task introduced by Einstein et al. (1997) , participants were instructed to press a particular function key on a computer keyboard when a specified target item appeared in a word-rating task. Age-related declines on the task were modest (Einstein et al., 1997, Experiment 1) , and varying the importance of the task did not change performance levels (Kliegel et al., 2001 ).
Both findings suggest that relatively few strategic retrieval processes support this event-based task. To evaluate this idea, our second and third prospective memory tasks were two standard event-based prospective memory tasks. As a standard laboratory task, the event-based task used in Kliegel et al. (2001; cf. Einstein et al., 1997) was administered. In addition, as a standard clinical event-based prospective memory task, the Remembering-a-Belonging subtest from the Rivermead Behavioural Memory Test (RBMT; Wilson, Cockburn, & Baddeley, 1985 ; for applications: e.g., Cockburn & Smith, 1988; 1994; Evans & Wilson, 1992; Hon, Huppert, Holland, & Watson, 1998; Huppert & Beardsall, 1993; Wisemann et al., 2000) was applied. In this task, participants are required to demand the return of an item at the end of the session before leaving the room. Because there is only a single event-based action that has to be remembered, we reasoned that performance on the RBMT should not rely on strategic executive control processes in the intention execution phase of the task.
Our fourth prospective memory task was a complex prospective memory task patterned on that used by Kliegel et al. (2000; see also Burgess, 1996; Burgess et al., 2000) .
We selected this task because participants are required to execute a set of six intended actions rather than a single action after the retention, i.e., delay phase, because the appropriate delayed execution of the set of actions involves event-based and time-based characteristics, and because planning is explicitly required in the intention formation phase of this task. We reasoned that these complex demands in both the intention formation and the intention execution phases should require the most robust degree of prefrontal executive involvement, if such involvement indeed is central to prospective memory performance in the respective task phases.
Another possibility for the mixed patterns from the initial investigations of the importance of prefrontal executive processes in prospective remembering is that executive functioning may have been inadequately captured by the measures used. As noted above, prefrontal systems are thought to support a wide array of executive functions, and it is unlikely that one measure will adequately capture the integrity of these executive functions.
Accordingly, we used a broadly defined construct of executive functioning based on a set of three executive functioning tasks from clinical and experimental literature, rather than restricting focus to just one specific measure (for a similar procedure see McDaniel et al., 1999) . Further, we used assessments that are thought to index particular components of frontal function, such as planning, inhibition, monitoring ongoing activity, and cognitive and response flexibility, that are theoretically related to prospective memory performance as sketched above.
A second goal was to explore a corollary hypothesis to the idea that prefrontal processes are intimately involved in prospective memory performance. Based on the idea that frontal functioning may show preferential decline with age (e.g., Schretlen et al., 2000; Wecker, Kramer, Wisniewski, Delis, & Kaplan, 2000; West, 1996) , we suggest that agerelated decline in prospective memory will be significantly associated with decline in frontal/executive functioning. Others have made similar proposals (e.g., Glisky, 1996) and there is some preliminary data to support this hypothesis but to date, this hypothesis has not been specifically tested. The idea is that age-related differences that are found in prospective memory will be eliminated once the variance in performance due to frontal/executive functioning is taken into account. In this study, by using several prospective memory tasks on which either significant age-related differences have been established (timebased, e.g., Einstein et al., 1995; Park, Hertzog, Kidder, Morrell, & Mayhorn, 1997; complex prospective memory, Kliegel et al., 2000 Kliegel et al., , 2001 or tendencies for age-related differences are evident (event-based, cf. Cherry & LeCompte, 1999; Einstein et al., 1997; Huppert, Johnson, & Nickson, 2000; Maylor, 1996; Park et al., 1997; but cf. Kliegel et al., 2000 , for different findings concerning the RBMT), we are able to test a more complete version of this hypothesis. Alternatively, it might be that there is some age-related component of prospective memory performance that is not mediated by frontal/executive processes. That is, even after factoring out effects of frontal/executive processes, age deficits may remain. If so, then we will have support for the assumption that prospective memory signals age-related decline that is differentiated from typical markers of age-related frontal decline (cf. Wecker et al., 2000) .
Overall, we expect the weakest effect of executive functioning differences on the RBMT performance, a medium effect of executive functioning differences on the standard experimental event-and time-based paradigm performances, and a strong effect of executive functioning differences on the performance in the complex prospective paradigm. In addition, when groups of young, old/high executive functioning, and old/low executive functioning groups are compared, we expect no effects of age and executive functioning differences in the RBMT performance, effects of executive functioning differences on the performances in the experimental event-and time-based paradigm performances, and effects of executive functioning differences and age on the performance in the complex prospective paradigm.
The difference in the relations can be explained by the differential emphases that these prospective memory paradigms lay on the intention formation and the intention execution phases. Whereas the RBMT focuses on the retention and reinstantiation component in a least demanding environment, the standard experimental paradigms focus on the intention execution in a somewhat demanding task environment. Finally, the complex prospective paradigm maximizes the interindividual differences in the intention formation and the intention execution phases in a demanding task environment, thus theoretically requiring the largest involvement of executive functions.
Method

Participants
The 80 participants in this study, including 40 young and 40 old adults, completed the battery of tests in an average time of 120 minutes, distributed over two testing sessions an average of one week apart. The young participants were students of the University of Mainz who volunteered. The old participants were community dwelling volunteers. As Table 1 indicates, despite small differences between the groups with respect to gender, health or years of formal schooling that are to be expected when recruiting samples of young and old adults, the two groups seem largely comparable.
______________________
Insert Table 1 The complex or multi-task prospective memory paradigm (MTPM; Kliegel et al., 2000 Martin et al., 2000) is a modified six-elements task after Shallice and Burgess (1991) . The task consists of three phases: an introduction phase in which the participants are required to develop a plan for executing the prospective task, a delay phase in which individual difference variables can be assessed, and a performance phase in which the multitask prospective memory paradigm had to be executed. In the introduction phase, participants
were told that at a certain point -when they would have to fill out a personal information questionnaire -they would be required to execute a set of six tasks. The participants were informed that this would take place during the second part of the experiment, after a short break and some other tasks. Using example sheets, the tasks and the rules of our modified six-elements task were explained to the participant. Specifically, the participants were asked to remember to carry out six sub-tasks in a six minute period of time. The six sub-tasks were divided into two similar sets (sets A and B) of three (word finding, solving arithmetic problems, and writing down the names of pictures). We designed each subtask so that it would need more than one minute to complete. After explaining the sub-tasks, participants were told where the material for these sub-tasks was stored (in the second drawer of the participant's table, divided in three file-folders according to the task type) and that there would be a few rules to follow. The rules explicated that earlier problems would be given more points than later ones in each sub-task, that each of the six sub-tasks would be given equal weight, and that it was not allowed to do two sub-tasks (A) and (B) of the same type one after the other. When they were aware of the rules, i.e., were able to recall them perfectly, the participants were told that they would have to remember to work on all six tasks, and that they would have to open the drawer and initiate these tasks by themselves after answering the question about their date of birth in the "participant information" questionnaire that had been previously explained to them. Finally, the participants were asked to verbally develop a plan for the multi-task prospective memory paradigm. After a filled delay (in which inhibition and event-based prospective memory were assessed), the experimenter made sure that all participants reinstantiated the original execution intention, i.e., participants not initiating the multi-task prospective memory paradigm by themselves were prompted by the experimenter.
This way, the focus of the prospective memory task is clearly on the intention planning and the execution phases, whereas retention and reinstantiation are kept stable between participants. After having worked on the six-elements task for six minutes, the participants filled out the rest of their "participant information" questionnaire. We also interviewed all participants about how well they remembered the instructions and their original plans.
Finally, participants were debriefed by the experimenter. The dependent variables are the number of sub-tasks started (MTPM/performance) and the percentage of recalled executable actions of the original plan from the planning phase of the MTPM as an indicator of retrospective memory (note that for experimental purposes we tried to minimize age differences in this measure).
From experimental psychology literature, we selected two paradigms. One involves giving the person a specific cue that will be presented during their ongoing activity, thus putting a strong emphasis on the execution phase of the task. For this laboratory version of an event-based prospective memory task, all participants were given a slightly modified standard prospective memory paradigm introduced by Einstein et al. (1997) . The ongoing task was a computerized word rating task, in which 26 words (e.g., house, phone, love, war etc.) had to be rated on 4 dimensions (concreteness, familiarity, pleasantness, and seriousness). On each trial one word was presented with one dimension and a rating scale for five seconds on the computer screen. The rating had to be done by pressing the corresponding number key on the computer keyboard. All 26 words were presented four times in the same order with changing rating dimensions. The presentation order of the rating dimensions was randomized but one dimension was never presented twice in a row. Hence, 104 trials were presented to every participant. The prospective memory task was to press a target key whenever the German word "Gespräch" (i.e., conversation) appeared on the screen as a word to be rated. The target word appeared every two minutes, and the task lasted 8 minutes and 40 seconds.
Another experimental prospective memory task involves requiring the subject to respond after a particular time interval, thus also emphasizing the execution phase of the prospective task. For this laboratory version of a time-based prospective memory task, the materials were identical to those used in the event-based version with two exceptions: the prospective memory task was to press a target key on the computer keyboard every 2 minutes after having started. The response was scored as correct if it occurred within a time window of plus or minus 5 seconds. Again, all instructions and materials were presented on the computer screen, and the task lasted 8 minutes and 40 seconds. In addition, participants were told that they could monitor the time by pressing a yellow key and a time counter clock would appear for 2 seconds.
Our fourth standard measure of prospective memory was selected from clinical/assessment literature. The task was the Rivermead Behavioural Memory Test (RBMT; Wilson et al., 1985) , from which we selected the Remembering-a-Belonging subtest.
In this test, the experimenter requests a personal belonging from the participant at the beginning of the experimental session and instructs the participant to demand the return of the item at the end of the session before leaving the room without any additional reminding on the part of the experimenter. The dependent variable is the correct request to return the belonging after a delay of approximately 45 minutes. In this test, there is little emphasis on the intention planning and intention execution phases, but, instead, the retention and reinstantiation of the intention are emphasized.
Executive functioning measures. To measure executive functions, a number of instruments have been developed and are currently in clinical and research use. We selected three prominent measures, trying to capture the essential aspects of executive functioning.
The calculated factor score derived from the raw scores can be used for individual analyses and to split the groups into young, old/high executive functioning, and old/low executive functioning.
The Wisconsin Card Sorting Test (WCST; Heaton, Chelune, Talley, Kay, & Curtiss, 1993 ) is a computerized test to measure the ability to shift cognitive strategies or sets in response to changing environmental contingencies (e.g., Greve, Brooks, Crouch, & Williams, 1997) . In the test, participants have to sort a deck of 64 cards to match one of four stimulus cards. The computer tells the participant if the answer is right or wrong. Once the participant has made 10 consecutive "correct" matches to the initial sorting principle (i.e., color), the sorting principle is changed to form or number without a warning, requiring the participant to use the feedback to develop a new sorting rule or, in other words, to shift sets. The dependent variable is the number of categories participants have completed after having sorted 64 cards.
We included a color-word version of the Stroop-task (cf. Stroop, 1935 ; for applications cf. Houx, Jolles, & Vreeling, 1993) in order to measure inhibition (e.g., Dempster, 1992; Spieler, Balota, & Faust, 1996) . In this task, the word stimuli consisted of four color names (red, blue, green, and yellow) written in black ink (trial 1: read the words as fast as you can), the four color names printed in color bars (trial 2: name the colors as fast as in the study resulted in a young adult group, and two old adult groups. The young adults had the lowest mean score, i.e., the highest performance (M = -.74, SD = .39), the old adults with high executive performance were close to the mean of the distribution (M = -.02, SD = .42), and the old adults with low executive performance showed the highest mean score, i.e., the lowest performance (M = 1.36, SD = .72). All group differences were significant.
Procedure
In the course of the first session, the participants were given the Rivermead Behavioural Memory Test and the time-based prospective memory task. After a short break of 5 minutes the TOL as well as the WCST were administered.
In the course of the second session, participants were first instructed in the complex or multi-task prospective paradigm, then had to develop their plan for this task and were next tested on the Stroop task as well as on the event-based prospective memory task. After a short break of 5 minutes, participants worked on a distractor task. After completing the distractor task, they were given the "participant information" questionnaire as the cue for the multi-task prospective memory paradigm. After working for 6 minutes on the complex prospective memory task, participants finished the participant-information questionnaire, responded to the questions asking what respondents remembered from their original plans, and were debriefed by the experimenter.
Results
The first goal of our study was to assess and represent a wide range of typical standard prospective memory tasks as well as of frontal executive processes. Table 2 summarizes the results in these prospective and executive measures.
______________________
Insert Table 2 about here
The results indicate increasing age differences the more strongly frontal/executive functions are hypothesized to be involved in performing the prospective task. There are age differences for all executive measures, for the laboratory event-and time-based tasks and marked age effects for the MTPM/performance measure. There was no age effect in the single action event-based task from the RBMT.
In addition, we intended to explore the extent to which individual differences in executive functioning are associated with individual differences in prospective memory performance. Therefore, we conducted a correlation analysis for young and old adults with the prospective memory measures and the executive functioning factor score. The results can be found in Table 3 .
Insert Table 3 about here
The results indicate that only in older adults the laboratory event-and time-based prospective memory tasks as well as the complex prospective memory measure were significantly correlated with executive functioning. The RBMT measure was not correlated to the executive factor score in either age group.
A second goal was to investigate if individual differences rather than age per se explain most of the age-related variance in prospective memory tasks. This would be suggested if, after controlling for individual differences in non-executive functions, agerelated differences in prospective memory will be eliminated once the variance in performance due to executive functioning is taken into account. Alternatively, there might be some age-related component of prospective memory performance on particular prospective memory tasks that is not mediated by frontal/executive processes. In this case, age-related differences in prospective memory will still exist after the variance in performance due to frontal/executive processes is taken into account. We conducted stepwise regression analyses with prospective memory performances as the dependent variables. We entered the nonexecutive measures of education, retrospective memory and health in the first step, the frontal/executive functioning measures in the second step, and chronological age in the third step. This allows us to examine if executive functioning explains variance in prospective memory performance above and beyond the influence of non-executive measures. In addition, our procedure allows to examine if the increase in explained variance (∆ R 2 ) due to adding age to the equation is significant. The results are displayed in Table 4 .
Insert Table 4 about here
The results indicate that, with the exception of the RBMT, individual differences in executive functioning explain a significant amount of variance of prospective memory performance even after controlling for the influence of non-executive measures. In contrast, adding age to the regression does not lead to a significant increase in explained variance in performance in the laboratory event-and time-based prospective memory tasks. However, regarding the complex prospective memory task all three predictor groups -non-executive measures, executive measures, and age -did significantly contribute to the explanation of 77% of the variance. The results are also supported by four separate ANOVA analyses with the three groups of young, old/high executive functioning and old/low executive functioning as independent variables and the four prospective measures as the dependent variables. There was no effect of group membership for the RBMT task (F(2,75) = 1.35; p > .25), and effects of group membership for the event-based task, the time-based task, and the complex memory task (F(2,75) = 4.75; p < .05, F(2,75) = 4.30; p < .05, and F(2,75) = 69.98; p > .001, respectively). Post-tests reveal no significant mean differences in the RBMT task, similar performances in the young and old/high executive functioning vs. old/low executive functioning groups in the event-and time-based task, and significant differences between all three groups in the complex prospective memory task.
Discussion
A recent focus in prospective memory research has been to consider the role of frontally mediated executive functions for prospective remembering (Burgess, 2000b; Burgess et al., 2000; Glisky, 1996; McDaniel et al., 1999) . However, the findings are disparate, with some studies reporting relations between frontal processes and prospective remembering (e.g., Burgess, 2000a; McDaniel et al., 1999) , whereas others do not necessarily implicate frontal processes (Cockburn et al., 2000; Martin et al., 2000) . Therefore, the first goal of our study was to examine and clarify the contribution of prefrontal executive processes to performance in four standard prospective memory tasks. These tasks were taken from the experimental and clinical literature, and differ with respect to the hypothesized involvement of executive processes of planning, inhibition, and self-initiated monitoring. In particular, whereas the RBMT emphasizes the retention and reinstantiation phases, the standard time-and event-based tasks focus on the intention execution phase. Finally, the complex prospective paradigm focuses on both the intention formation and the intention execution phases, thus theoretically making the largest demands on executive processes.
On the part of the executive processes, mixed results concerning the involvement of executive processes in prospective memory performance reported in the literature could have been caused by the use of a particular measure focusing on a particular executive function.
Therefore, in our study, we used a broadly defined construct of executive functioning by including measures of planning, inhibition, monitoring, and cognitive and response flexibility.
The results improve our understanding of the neuropsychological processes involved in prospective memory performance in two important ways. First, we had expected increasing age differences in prospective memory performance the more executive functions are hypothesized to be involved, i.e., the more the prospective tasks emphasizes the intention formation and intention execution phases of the task. Based on the idea that frontal functioning may show preferential decline with age (e.g., Schretlen et al., 2000; West, 1996) , we suggested that age-related decline in prospective memory will be observable in prospective tasks that are shown to be significantly associated with frontal/executive functioning. Therefore, we expected age-related deficits in frontal/executive functions and in prospective memory performance across the indicators for each construct. The results clearly demonstrate age-related differences in prospective memory performance in three of the four indicators of prospective memory performance. Only the remembering-a-belonging subtest from the Rivermead Behavioral Memory Test, a prospective memory test taken from the assessment literature, did not reveal an age-related performance difference. Similarly, there are age-related differences in three indicators of frontal/executive functioning.
One may conclude that there is a clear relationship between the amount of involvement of frontal/executive functions and the degree to which age effects occur. This was supported by the results from ANOVAs examining differences between the groups of young, old/high executive functioning and old/low executive functioning. Our finding may help to explain the disparate findings from the prospective memory literature: studies finding no age effects might have used prospective memory tasks focusing mainly on the retention and/or reinstantiation phase of the tasks, thus requiring only a minimal involvement of frontal/executive functions (such as the remembering-a-belonging test), whereas studies finding age differences might have used prospective tasks with a larger involvement of frontal/executive functions. For example, in studies for which participants were asked to send back postcards at specified dates and allowed to use the postcards as external reminders (e.g., West, 1988; Patton & Meit, 1993) or in a number of event-based tasks not requiring strategic monitoring of the task environment (Einstein & McDaniel, 1990) , there were no age differences in performance (cf. McDaniel & Einstein, 2000 , for a theoretical discussion on the role of strategic monitoring in prospective memory performance). In the light of the present results, this is not surprising assuming that external cues in a familiar environment minimize the need to plan to execute an intention (one relies on the efficiency of the cue) or to monitor a complex environment while trying to realize the delayed intention, i.e., to engage in frontal/executive processing. In contrast, studies in which participants had to switch between a number of different prospective actions or were engaged in demanding ongoing task activities (e.g., Kliegel et al., 2000; Martin & Schumann-Hengsteler, 2001; Maylor, 1996; Park et al., 1997) , age differences are found. Given a large number and high complexity of task demands, this could be explained by assuming that the execution of the delayed intentions in these studies requires the use of frontal/executive functions like planning, attention switching, or inhibition.
Second, although the near ceiling performance of the younger adults prevents from making strong statements about potential age differences, when the correlations between executive functioning and prospective memory performance are compared between young and old adults, it seems that interindividual differences in executive functioning are particularly predictive of prospective memory performance in old age, but not in young adults. This might be the case because executive processes become increasingly important as the overall level of cognitive processes declines in old age (e.g., Verhaeghen & Salthouse, 1997) . Age differences in the correlation between executive functioning and prospective memory would, thus, become obvious in prospective memory tasks making relatively few demands for storage and cued retrieval of material, but, instead, require planning, inhibition and attention switching. Therefore, a high level of prospective memory performance in old age compared to young adults seems to more strongly depend on effective executive processes. Another explanation could be that different constellations of executive processes are involved in prospective memory performance in young and old adults. This has been suggested by Bisiacchi (1996) and has recently been supported by fMRI studies showing that different activations are present for younger and older adults on identical working memory tasks (Mitchell, Johnson, Raye, & D'Esposito, 2000; Rypma & D'Esposito, 2001 ). However, results are precursory, and only future research combining more difficult prospective tasks to prevent ceiling performance in the younger adults and a broader spectrum of executive functioning measures might be able to examine the executive processes involved in prospective memory performance in more detail.
The second goal of our study was to examine if individual differences in frontal/executive functions rather than age per se explain most of the age-related variance in prospective memory performance (e.g., Cherry & LeCompte, 1999; Kliegel et al., 2000) . In other words, we examined if, after controlling for the effects of non-executive influences such as education, health, or retrospective memory, significant portions of the age-related differences in prospective memory performance are eliminated once the variance in performance due to frontal/executive process is taken into account, or if, alternatively, some age deficits remain even after controlling for non-executive skills and after factoring out effects of frontal/executive processes.
The results demonstrate that a substantial proportion of the variance in prospective memory performance can be explained by differences in executive functioning above and beyond the influence of non-executive functions. This was at least true for the event-based task, the time-based task, and the MTPM task. There was no significant predictor for the performance in the simple single-task RBMT measure. In addition, regarding the most complex multi-task prospective memory measure, adding age to the regression equation did further improve the prediction of prospective memory performance. Only in this paradigm, non-executive measures did explain a significant amount of the prospective performance at first. This suggests that frontal/executive functioning is an important predictor for prospective memory performance, even after controlling for age differences in health, education, and retrospective memory. Moreover, age did not contribute significantly to the prediction of prospective memory in two experimental paradigms testing time-based and event-based prospective memory performance after controlling for executive functioning.
Thus, for these tasks, there is no support for the assumption that prospective memory signals age-related decline that is differentiated from typical markers of age-related frontal decline (Wecker et al., 2000) . In contrast, results from the most complex experimental paradigm suggest that individual differences in non-executive measures, individual differences in frontal/executive functioning and individual age differences all contribute to the prediction of prospective memory performance. Hence, in this paradigm, there is support for the assumption that prospective memory signals age-related decline that is differentiated from typical markers of age-related frontal decline.
As an explanation, one might offer that in the complex prospective memory task overall processing demands are most diverse and at a relatively high level. Thus, a number of different non-executive processes might be involved, and their predictive power in explaining performance becomes substantial. For example, this may be true for acquired problem solving strategies which might support performance in the complex prospective memory task.
Still, to perform well in this prospective memory task also requires the on-line processes of planning, inhibition, and switching between the tasks. Thus, executive processes play an important role in predicting prospective memory performance even after controlling for individual differences in non-executive measures.
Our results indicate that even after controlling for age-related declines in nonexecutive and executive processes, there are still age-related differences in processes involved in complex prospective memory performance that have not been captured by our instruments.
There are at least two possible explanations of this finding. First, there might be other nonexecutive factors, e.g., motivational or emotional processes, that are contributing to agerelated differences in complex prospective memory performance that have not been examined in our study (cf. Kliegel et al., 2001; this issue) . Second, there might be executive processes other than the ones examined in our three standard measures that are important for complex prospective memory performance. As a consequence, our findings suggest a need for measurement instruments capturing the full range of non-executive and executive processes potentially related to complex prospective memory performance. Because based on our data the reasoning about the exact mechanisms responsible for the (age-related) interplay of non-executive processes, frontal/executive functioning, and prospective memory performance has to remain speculative at this point, further research needs to disentangle the non-executive and frontal/executive processes that might be differentially related to different types of prospective tasks.
Overall, it seems clear that frontal/executive functions are related to prospective memory performance across a range of prospective paradigms. It also seems clear that age differences in prospective memory performance partially depend on age-related individual differences in frontal/executive functions. Further research involving complex prospective memory tasks is now needed to examine the exact mechanisms responsible for these effects (Ellis & Kvavilashvili, 2000) . Table 1 Demographic characteristics of young and old adults 
